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Abstract 
From 1 May 2009 when the first case of H1N1 in Hong Kong was reported through the end of September 2009, a 
total of 24,415 successfully geo-coded cases were studied. To investigate the spatial and temporal patterns of H1N1 
spread, space-time K-function, implemented on the programme R, was applied. Four geographic regions were 
delineated in the exploration, but only in two of these, namely, Hong Kong Island and North, were statistically 
significant results obtained. On Hong Kong Island, clustering was detected from an intercase distance of 5km and 
intercase time  of 12 weeks onwards, which reflect continuous spread of H1N1 over the whole region without local 
outbreaks. In North, however, clustering in short intercase time periods suggested the occurence of local outbreaks. In 
conclusion, though Hong Kong is only a small city in size, the clustering patterns of H1N1 in urban (Hong Kong 
Island) and rural (North) regions had varied greatly. 
© 2010 Published by Elsevier Ltd. 
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1. INTRODUCTION
Influenza virus is a respiratory pathogen that has caused epidemics of different scale in the human
populations. In many countries, influenza is observed seasonally once or twice per year, punctuated by 
pandemics from time to time. Characterization of the diffusion patterns of influenza is important though 
this is uncommonly pursued. Methodologically, space-time interactions have been reported in the study of 
human infections including cholera [1], poliomyelitis [2], smallpox [3], and hantavirus [4], the latter in 
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association with rodent distribution, but very few similar research on human influenza has been 
conducted. 
The emergence of a new pandemic, the Pandemic Influenza (H1N1) 2009, hereafter referred as H1N1, 
provided us with a unique opportunity to study the spatio-temporal spread of influenza. Home to a 7 
million population, the city of Hong Kong (of 1000Km2 in size) is divided into 18 administrative districts 
and hundreds of smaller geographic units. As influenza observes no administrative borders, we undertook 
to explore space-time interaction by first dividing the territory of Hong Kong in accordance with the 
clustering of buildings, the latter reflecting spatial grouping of the resident population. There are 4 
geographic regions: Hong Kong Island, Kowloon & East, North, and Lantau (Figure 1). 
Figure 1 The spatial distribution of reported H1N1 cases in four geographic regions (n=24,415). 
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2. METHOD 
Ripley K and space-time K-function 
The space-time interaction of H1N1 cases was explored for the whole of Hong Kong and then 
individually for each of the 4 geographic regions. Space-time K-function developed by Diggle et al. was 
used in the exploration [5].  This is a second order analysis for assessing the relationships among cases in 
temporal and spatial scale. In the study,  
K(s,t)=K1(s)K2(t)                                                                                                                                   (1)
was used to calculate the expected number of cases within distance s and time t. Space-time interaction 
was defined as the difference between space-time K and the product of space K and time K [5]:  
D(s,t)={K(s,t)-K1(s)K2(t)}                                                                                                                    (2) 
The package Splancs in software R was used for determing space-time K. The parameters of space-
time K-function in this study were set as follows: spatial threshold – from 0 to 50% of horizontal spatial 
range, with 1000m increment; temporal scale – day 1 to day 153, 7 days aggregation; Monte-Carlo test: 
99 permutations. Sensitivity analysis was performed on the parameters for the results, using 500m 
increment and 3 days aggregation.  
3. RESULTS 
From 1 May 2009 when the first case of H1N1 was reported in to the end of September 2009, a total of 
24,415 successfully geo-coded cases were studied, spreading over four geographic regions (Figure 1). 
Since the first day, the Hong Kong Island, region had recorded 5,223 cases in the entire period. On 13 
May, Kowloon & East started to have cases reported and the total reached 11,414. Thirteen days later (26 
May), North reported its first case and finally contributed 7,372 cases in the study period. Lantau was the 
region with the latest introduction of H1N1 (17June) with a total number of 406 cases.  
Evaluating space-time K function results in the 4 regions, only Hong Kong Island (p-value: 0.03) and 
North (p-value: 0.01) showed significant space-time interactions. From the D-plot shown in Figure 2a, 
both regularity and clustering occurred on Hong Kong Island from a 5km inter-case distance, reaching a 
peak at around 7km, but over different time intervals. Regularity occurred from 1 to 12 weeks inter-case 
time interval (trough at 5 to 6 weeks) while clustering was observed between 12 to 22 weeks (peak at 15 
weeks). Figure 2c showed the D-plot for North region with 3 foci of space-time clustering. All of these 
were seen at 3 weeks inter-case time interval, but there were different inter-case distance intervals: 0 km 
to 7 km, 8 km to 14 km, and 15 km to 19 km.  
There was no significant space-time interaction in the other two geographic regions. The clustering 
pattern of Kowloon & East (Figure 2b D-plot), though insignificant, was a reverse of that of Hong Kong 
Island. Clustering occurred at a shorter time interval (1-10 weeks) and regularity at a longer interval (11-
22 weeks). Finally, the D-plot for Lantau did not reveal any specific pattern compared with the three other 
regions, which was possibly due to the very small total number of reported cases. (Figure 2d) 
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(a) Hong Kong Island (b) Kowloon & East 
(c) North (d) Lantau
Figure 2. Results of space-time K-function presented by data map, D plot, residual plot and Monte Carlo (MC) results in four 
geographic regions (a) Hong Kong Island, (b) Kowloon & East, (c) North, (d) Lantau. 
4. DISCUSSION 
In our study, Space-time K-function was used to generate 3-D plots for illustrating the clustering 
pattern of H1N1 in spatial and temporal scale. Eliminating space-time independent K, only dependent 
space-time K was shown on the plot, which clearly illustrated the pattern of interaction at different 
distance and time. To our knowledge, the Space-time K-function has not been not fully utilized in 
influenza studies, though spatial K-function had been applied to study the spatial clustering in H5N1 [6-
7]. Although other methods, for example, Knox [3-4] [8] [9] [10] [11-17] and Mantel [4] [6] [10] [17], 
have commonly been used in other space-time interaction studies, Space-time K-function carries the 
advantage of edge correction and not requiring input of critical distance for data estimation, making it 
particularly appropriate for analyzing new type of influenza. Interestingly we detected a different pattern 
of space-time interaction in 2 of the 4 regions in this study. 
The clustering pattern detected on Hong Kong Island at long inter-case time and large spatial distance 
was suggestive of continuous spread during the study period, without evidence of discrete local 
outbreaks. Hong Kong Island is a high-density urbanized area with population concentrated along the 
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northern coast. The spatial connectivity in the region, alongside high population mobility, could have 
contributed to the continuous dissemination of the influenza virus. The detection of clustering in North 
within short inter-case intervals indicated the occurrence of local outbreaks, which emerged, developed 
and died out within a short period of time, as illustrated by the 3 peaks in D-plot (Figure 2c) at 3 different 
spatial distances. While shorter inter-case distance clustering might be related to individual local 
outbreaks, medium and longer interval clustering might reflect local outbreaks at different locations. With 
a high proportion of rural area and low population mobility, the spatial spread in the North region might 
have been quite limited. Results in the remaining 2 geographic regions did not show any significant 
pattern of clustering.  
In conclusion, there was marked heterogeneity in the spatiotemporal pattern of H1N1 diffusion, even 
in a small city with a dense and highly mobile population. The varied pattern has probably arisen from the 
difference in the connectivity of local population, which cannot be inferred from general statistics. Our 
studies suggested that the Space-time K can be a useful tool for characterizing the epidemic patterns, so 
that timely intervention can be developed at the right place and time. 
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